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(54) Printer arwJ Ink cartridge attached thereto 

(57) In a printer (1 ) of the present invention, an EEP- 
ROM that carries out ft^nftnital access and has a small 
storage capacity is applied for storage elenr>enl (80) 
mounted on both black arxJ color ink cartridges (107K. 
107R. Da ta relating to each ink carUtdoe (1 07K^0 7F), 
lor exampre, cteia on remaining quanttUes of respective 
inks in the ink caiUidge (107K, 107F), are stored as 8-b it 
da ta in the storage element (80 ) ol the cartndge 
{l57K, 107F). A print controUer (40) incorporated in the 
printer (1) has an EEPROM (90), in which the data re- 
lating to the ink cartridges (jOTI^-lXW^-efe^ed as 
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32-brt data are used tor the subsequent processing. In 
the case bt replacement of one ink carUkJge (107K. 
107F) with another, on the other hand, the 8-bft data are 
used (or the subsequent processing. This arrangement 
of the invention enables the data relating to the ink car- 
tridges (107K, 107F), for example, the data on the re- 
maining quantities ol the respective inks in the ink car- 
tridges (107K, 107F) to be processed accurately even 
when a storage unit ot a small storage capacity is ap- 
plied for the storage elements (80) mounted on the ink 
cartridges (107K, 107F). 
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Description 

[0001] ThepreserUinvent«,relatestt>apr«lln9apparatus.suchasaprinteranda^^^ 

Saw/ aLhed to a printer main body ol the pmiting apparatus. More sp«&ally the .nventwn pertairw, to a 
lechntotie of processino and storing required pieces d information In the mk cartridge. . ^ ^ ■ 

SSr^e^fl waratus like the ink iet printer and the ink jet plotler mainly includes an mk cartr«Jge. m whjch 
SS^plurafinks are klS.andaprintermain body withaprintheadtocarryo^ 

m^Te P^theadejects bik fedtrom the ink cartridge onto the printing medium, such as pnntmg paper, so as 
ZtZ^X Imprinting medium. The ink cartridge is designed to be detachably attached to the prmter 

L^^STJ «rtrid» has a predetem«ned quantity ol Ink kept therein. When the ink kept in an ink cartrrige 

^r^J^^iir^iSS^teLlvimanewone!^ 

to «tuS^e^r^ini,^quantity of ink in the ink cartridge based on 
SSS^to inlom, the user a state of running out of the ink. in order to prevent the pnnt«^ procedure from being 

S'^t.^cSTa^'S'l^ining quantiUes ol inks are generally stored only in the printer main body or a. a printer 
Shal^^^^Je printer, inmeeventtt^tatirsl ink cartridge is ^^^^ 

TZ S!^ tS^operation. the inlorma.icn reding to the firs, ink cartridge, such as the data on the remammg quamifes 

rt^{ "ZZ'^^"^^'^ -ive this problem utlUzes a nor>^tUe memory pm.Wed Uje ^k cartridge 
Kue^^^iSj ST. to example, the ^ta on the remaining quantities of inks, to «>«^'rJ'°To"ltCr/ 
S.^into ^nJ^atfle memonTdor example. JAPANESE PATENT LAIDOPEN GAZETTE rto^ 62-1 W856^ 
^^^Treplacement of the ink cartridge during the printing operation, this technK^e ensures the storage of the 

KTSLr ^^^^ cToSo^-in9 of «>?.acemen, of the Ink cartridge. Storage of such data with a high ^<^«;^ «^ 
c^rtXena^tS^require^storagecapadty undesirably large.^ 

^in^s iLToS a LTaccuracy. on t^er hand, the X^ing of an alam. of the ir,k end state, which a certain ink 
2 he n^TiXi^-gZmaysigniflcantVbec^^ 

u^dL^^ he^ta on the remaining quantities of inks at a poweroff time, the pnnter mam body reads «he date «^ 
S reSSn^g qua^tt of each ink f ror^^e ink cartridge at every start of power suppV and Interprets the read^t date 
as at^ue^ th^low^r limit within the preset accuracy. By way of example, it is assumed that 
frfk JrtriJae «.pr^s the remaining quantity of each ink as a value of percentage in the range of 0 to 100% and has 
r enl o? 1 b^eTbte) and an aSuracy J 1 %. When the data read from the ink cartridge « W. P<;n«e;j™;" 
tS;2n notiecky the exact value of the data. The data W may be obtained by roundmg SOfP' 50.1 . In order to 
pSL^^ toTmeworsi. the printer main body deals with the data "Sa as a value of the tower 50.0- 
K Tn this structure, even in the case where only a littte quantity of ink is used, data should bo ^«»"<=«J by 1%^ 
SSmeanL ttet repeating such use 100 times causes the data on the remaining quantity of mk m «he mk cartrrige to 
IS l^to i a mere is still a sufficient quantity of ink remaining in the ink cartrWge. In another stnicture that 
2e?iS educ^^ta'ii 1% in the case ol use'ol a imie quantity of ink. repeating such use '-^y^'^f^^^ 
^L^M end state not to be giver, even if the actual remaining quantity d ink is equal to zero. In an ink cartndge 
STa mSX ^ a S^er using sS^an ink cartridge, the stomge capacity of several bytes lor each mk is requir^ 
tot^^^Tr^iSing quantij ol ink preciseV In the case ol a cotor ink cartridge '[f'f » %P""^"'y °^ 
ctlHS J a ^ng t?e^. a certain storage capacity shouW be allocated to each cotor mk. For e-^mple. m me 
T^^l^ ^rtridge including five cotor inks. H the required storage capacity lor each cotor mk « 4 bytes, the 

Lr a J^e^^ratS Wi^ a power switch mounted on a switch panel of the printer Is operated^ the app^ble 
iq erir^eJSeprmtertoconrr^ 

^?onctually tummg the power source oti. In the case where the power supply is lorcibly cut oft the side of he 
so Sw^tSbypI^^T^epoS^Tplugou^ 

S^eirt2 Sope«.ton^ Lta into the memocy of the mk cartridge shouW be completed withm a very ^ 
I^iTlMhe voltege is tost m the cou«e of the writing operatkx,. the reliability of data in the mk cartridge 
rJ^fSitV i^S^. This prevents the mk cartridge from being used adequately. The uso otthe ;^'"«V having a 
ILgfsSo cS^city undestebV mceases the manufacturing cost of expendable ink cartridges. This « also unde- 

Stv oMnk or the amount ol ink consumption in an mk cartridge but causes the printer to compute such data, and 
i^n Hi «rtrid^ atteched thereto. Such prm.hg apparatus includes an ink jet^ype printing apparatus that uses mk 
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^ ^ ' oirimoni or a dtfo With or in a soJvent and ejects ink droplets in the liquid state to 

thermal tiansler-type pnntirig aw»aratu^ techniauo that is applicablo to a printer and an cartridge 

S'Sl't'SS.to^ad^.^P--^^^^^^ , 
100101 At least part ol the ^« f^^^^'^'^^.^S^'^a^ev^te^^ nSn-votetae memory. The printer 
detachat,hr ^^^jZl^^^^^XTuSn^i^c^Z mounted on the printer to a printing n^ium. 

causes the kept « ^'^^"'^^^^^"^ZZaxLs a rewritable printer memov. an informatioo writing 
tt^ereby^teme^^apruj^g^^ 
unitthatwmes«ton,^«.c«aqW^^ 

on the pnntmg medium, as data ^J^^P'^T^"*""^ ^^ridQe to data of a spedfic numtwr ol bits, which is less 

srp'r;rrrbeT<r^^^^^ 

memory .^^^^^ v^ites the inlormation on the quantity ol Ink in the cartridge. «*iich is 

(OOIU The pnnter d P'f p,i„,jng „«di„m. as data d a predetermined number of brts 

wonen m thepj^r '^^^J^^l:^T^os.n^ invention, the applicable technique dctem.ino8 

" T T^;r:;C:trj;r n^ rr^^^^^^ .or'Tubsequr proce..ng -h 

appl.es the data inkiscpmcder^t 
, ^ to the quant^ -^k - «^n^ 

T^ZZ::^:^Tu>1T^Z^^ on the data o, the greater number o, bits s^ed in the printer memory. 
• rharr2a^thahigheraccuracy.«^g^^^^ 

mines whether or not the nfornnation on the O^anmy oiinK ^ ^ technique 

'^T'ThL t^e rS^^eZSTol the predetermined number ol bits as the intom«tk>n on the quantity o 

number ol brts. writes the '^•^'^^'^^^T^ r«wJ,«nrted data ol the predetermined number ot bits for subsequent 

process^g wdh '^^^^'l^'^J.^^^^ sp^f^ number ol bits. In this case, the subsequent processing 

Srr^^^S^e'SSSTinTrr^S^^ on the da. on the quantity o, ^k stored . the non^tile 

memory of the cart^dg®- orelerable aoolication ol the present inventioo. a piece of idenlificatioo infor- 

[001S] In accortance wlh Gt.ll 3"°^' P'^l!^'*'* ^^^'^^ memory ol the cartridge. The applicable 

mat«n ««'>^^;»^^°^„,^S%^^^ non-volatZ, memory a. a time of a start o. 

technique here reads the piece ol „ . . _-rtridQa and stores the readout piece ol idemlllcailon 

r 'Thr^hnrue::n''p^^^^^^^ r.Srj^:^t^ w^h ,he st^eo piece o. «en..- 

infomiatwn. The ^ as to determine coincidence or non-coincidence.thereol. 

cation ^^j;;;^-,^^^^ of bits stored in the printer memory for subsequem 

The technique ap^.^ the ^ 

s,=rcrir»;r rid ^e . --^^^^ 

r^^^r:irr^rrkr^^^^^^^ 

rooTe,r=:rs.,uc.u.e.th^^^^^^ 

rn^"?nt m:^^ d thZ2;Sed number.o. bits. wrHes the re-converied data o. the predatem,«ed number 
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Of bits as the information on the quantity ot ink into the printer memory, and applies the re<onverted date oUhe pre- 
iSSi^nlber of bits lor subsequent processing v«th regard to the quantity of mk m me ^^'^^f" j!^ 
SeS L the read^t piece d kJentificalton inlormatton is not coincKJeni with the stor^J p«ce 
S^Sriirc^u^ ilbsequent processing with regard to the quantity of ink is caniad out based on the data 
fin the Guantitv ol ink stored in the non-volatae memory d the cartrklge. 

oih?Drinter the same inlormatton with regard to all the cartridges that have been attached to the Pn^^ at least 
S.2risSiinthepX 

S^e .SSTfe ^ored in tt^ISUotetite memory ol the canridg^- The piece ol idenUlicatlon -"'T^J^^'^'"*^^ 
S^e rJj^Se memory is read at a «me ot a start ol power supply andtor at a Ume ol a replacement ot the catndge^ 
X-^^r^j;^ piece ol identification infom«ticn. the intom.ation on the quantity of ink wnh regard to ea^ 
SrtSJalgadittereSlpieceolidentircalioninto^^^ 

^T3*e cartridge, the applicable technique retrieves data stored in the pnnter memory by util^ the p eca o^ 
S2^ite^.^Tn3^ read from the non^tile memory, so as to detemiine whether or not an Ktentcal p.ece ol 
-^^Z^^ whkh is identical with the readout pieced idenfrflcatton information and represents an iden- 

iTt^rt^Tri^e memS^. the^Sc,ue appUes the inlom«tion on the quantity ol ^ ^"^^'^"^^ 
2£.5^Dlece ot Wentilicatlon information lor subsequent processing with regard to the quantity ol ink m the cartridge. 
.SS^riS^ttltes the processing with regard to the quantity ol Ink to be carried out with high accuracy even 
'when a oluralilv ol cartridges are successively attached to the printer and used lor printing. 

SiTbi n^ccLSanceSTone appBcatioo ol this slnK;ture. when H is detem,ined that the «JentK;al p«ce ol uien^ 
Sin^^JS^^e^TtrtheTrinter memory, theappl^^^ 

I^S »Sw ol ink which corresponds to the identical piece ol idenimcation inlom«t»n and « wnt^en m the pnnter 
^iJ^ SSS^t wih the data ol the specr« number ol bits written in the ^^^^J^;^^ 

^S>a^thedetaoftheprodotormincdnumberolbits.whka,correspondstotheident«^^ 
SSS^^^ is stored in the printer memory, lor subsequent process-^g with regard to the 
2S when it is detem^ined thai the infom«tion on the quantity ol Wc is comoden wuh '^T^T ^.^ J. 

number ol bits. The structure of this applK:ation detemiines the coinckJence with regard to the -"to^ation on 
^uTn^r^t^lTarwell as with regard to the piece ol Wentiflcatton infom^tion. 

^ orio!!!':^ to be e^^^ and us^ as the infom«.ion on the quantity of ink with regard to the cartridge 

SST.n"a2^d^2rSJ^- application ol this stmcture. when it is determined that the inlom«.kx, on the 
™1 i ink^S^^sJ^o theldentical piece of idenlHicalion information and is written in the pnnter men^ 
S^SSenT^Shthec^!^ 

SdSni^re-converts the data ol the specific number ol bits written in the nonvolatile memory into the data of the 
o^eS"mineZXr^ bits, writes the reverted data of the predetermined number of bns as the Bifomration on 
rhfoSv^inJ^espondlngtotheb^^ 
me?e^v'e«^<S^ol5^ietemr«ednumberd 

In the^ridge. In this case, me subsequent processing with regard to the quantrty of «ik « earned out. based on the 
rtata on the Quantity dink stored in the non-volatite memory of the cartridge. . ^ . , 

SSoT * trSTuration that carries out the prccessir^ with rega«l to the quanUty ot ink by taking advantage o^ 
Ka i^o^S S^?two different memories, it is practical that the pri^^^^ 

the Sn-i^tile memory included In the cartridge. Incorporating the memory of a large storage capaaty ,n the expend- 
able caitridoe is not desirable from both the view points of cost and resource saving. 

?SJlTT?s aiTpreferable that the printer memory enables a higher^speed access than the non-volat|^e memory 
Sed i theSrt'Sge S^Ke the daS of the greater number ol bits are written intothe printer memory, the memoir 

that enables the hicher-speed access is desirable. 

fSS^r Dala may^ wrJten into the non-volatile memory of the ink cartridge at a variety o. timmgs. For ^*^rnfAeAUe 
SSmay be written into the non-volatile memoiy ol the cartrklge at a power<rfl time of the pnnter ^^^'^^^l 
a^ep^ement of the cartridge. This arrangemem enables the data stored in the cartridge to be updated when the 

S!.TS>^?-y'^ w^e:"! the Printer memory when a printing operate has been completed with regard 
S oaQO and/or wfth regard to at least one raster Hno. It is also preferable that tho data ,n the pnnlor memory arc 
upS^oTafaSS^^^-nSwherBasdatainthe non-volatile memory oim 

XT in acSd^e one preferable embodiment of the present inven,«n. the printer has a -'«an«g unrt 
Somh^d^ing in mspoLtoapredetemiinedoperation. Wherein theheadcloaning^^^^ 
^•J,k?o bl transterredTom thTprW head. In this stmcture. data are wrftten intothe printer memoir "J 
^nH cImS out the head cleaning. The ink jet printer may have a cleaning function to prevent nozzles formed on the 
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print head from being dogged. The cleaning operation naturally consumes a certain quantity ol ink. It is accordingly 
prelarabia to update the inlonnalion on the PManlity ol ink alter each cleaning operat«n. ^^^^ 
fo0251 A wiWy ol knowm memories may be applicabte tor the nor««latite memonr mounted on me cartndga For 
Stea^Snfihaltransmitsdatabyserialaccessmaybeusedlorttieno^ 

fs^eX^^^ivD and has a less number d temtinals as a chip, which leads to the ellect of 9; 
Sgh the^o^capadty is relatively small In this case, data are written into the non-voIat.le memory .n synchro- 

SSI inru»e^H«Sr^K>ry. In this case, the printer memo,y may be disposed Inside the control IC or alter- 

[^^•^ Tn^S^ p^r^le'Si^JLdiment o. the printer. ».e cart^^^ 
pSad r^mS thereon and mo.es forward and backward relative to t^^ 
S^^bemountedonU,ecarriage. in the case Where thecontrollC rec^^^^ 

^ «ffimole via communications, it is prelerable that the printer memory is kxated m the vicmily of the conUol IC. The 
p",S^ ihTp^t Mention Is ap'plicaWa to the stoK^ure in which the cartridge is no. mounted on the carr^ge 

FoT^ple iathecasewherebothablacklnKcartridge. inwhichbtackinklskept.andacolorinK cartridge. «wh^ 
a SXnerL coto, inks are kept, are detachably attached to the printer, the non-volaU.e men«n^ Is provW«J 

rnS«^me?^^klnkcartridge and the cokHinkcartr«ge.anddaiaan. written into 

SS^iX^ra^ ««» a non-yotatile memory lor each cartridge enables the data on the <)"anWy v«th 
^StoS* cartrid Jeto be processed independently The principle ol the present invent«n » also appl«abl, to a 
„Ait«r to whfchonlv a black ink cartridge or a color ink cartridge is detachably attached. 

K T^^^J^t is^SScted to a method of managing in,om«.ion ^^^^^J^^^J^l 

a^achably attached, wherein the cartridge keeps ink therein and has a rewritable non^fte memory a,^ tt^e 
pri^^er STsis the ink " .he cartridge to be translerred f.cxn a prir,t head mounted on the prnter^ a^.mt ng 
S^mmerebyimplen^nUn9aprintingcpe.ation.Themethodinck.desmestepso^^^ 

onnk in the cartrid^. wh«h is consumed with a progress ol a printing operat«n on the pr.nt.ng medium^ data ol a 
p,;2lterJ^n^ero.bi.s.intoarewritableprintermemory^ 

KT^SS^ on the quantity ol ink in the cartridge to data ol a specifc number of b.ts. wh.ch b less t^an thepr^- 
ZZ^^, ol bJs. an?writing the converted data ol the specilic number ol bits into the non^latae memory 

iSSr ?;.rnSSS'i manag^g the inlormaiion on the quantity ol Ink enables the data ol the greater nurnter of 
h^mat is mT^wilh a hi^Vccuracy. to be stored in the printer memory, without apptying an excesses load to 
me r^JSaS iTcartrirS^which has a smalter storage capacity This arrangement thus enables the 

inlormation on the quantity ol ink in the cartridge to be managed in an appropnato manner. 

cKT^^rmethSd of Se present invention may be actualized by a printer or a computer ^''^^^^^^ 
Drime Inthe latter case, the principle ol the present imrenticn isattained by a computer program or a record^g medium 
?n li^Te cXoter progr^Tecorded. The present invention is accordingly directed lo a computer P'OQ^^ 
r^me?^^ pSct comprising a computer readable recording medium on which the computer prt^ « 
?eS ^hel?S^^^^5^^S«~^ intonnation in a printer, to which a cartridge detachably attached, wherejn 
tt^ereh and has a rewritable non^tile memory and the printer causesjhe •"•'^P* •? ^« 
St^rSle^ferred from a print head mounted on the printer to a printing medium. ^^^.^^^^^^.Z 
S^raiion The program includes: a tirst program code that causes a computer to wnte miomtatron on a quant ity 
K "nmeSS STJ^umed with a^ress ol a prhting operation on the printing medium, as data ol a 
pr^e e.mrnSS;r of bits. Into a rewritable printer memo.y incorporated in a main body ol the printer, arxl a^wond 
S Sfam cSle .teTcauses the computer to convert me mtomation on me quantity ol ink in the cartr^fge to data of a 
S^rnu^ar^b?s^ichislessmantheprede,em,inedn^^ 

numberof bits into the non-volatjle memory included in me cartridge. ,^„^»rt onthn 

The computer reads the recording medium and executes me program codes ol the program recorded on the 
recordino medium mereby actualizing the method ol managing inlormatwn discussed above. 

S~ Tl.e cartridge is detachably attached to a printer. Infomtation on a quantity ol ink .n me cartndgo. whch « 

^^eJSm a jSess otipSng operation, is written into me nen^tile memory as data ol a specrt.c number 

ol bits which is less than a predetermined number ol bits altocated to data stored in the pnnter 

foSJi ^n l» cartridge ol Se present invention, me inlormation on me quantity ol ink is wntlen into ^^^^--^^ 

me^ ol me cartridges data ol a specific number ol bits, which is less man a predeiermmed number <rf b.ts allocated 

rc^sttSepSterThisam^ngementadvanUgeous^ 
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[00351 In the cartridge of the present invention, a is prefemtile that the information on the quantity ol ink is viffilten 
bitothe non-volatile memoyy at a powr-ofl tfrne of the printer anchor at a time of a replacement of the cartridge. Upcfating 
the information on the quantity ol infomiation at these timings enaWes the information regarding the latest quantity ol 
ink to be kept in the non-volatite memory ol the cartridge, even when a replacement of the cartridge is recjuired unex- 
pectedly 

[00361 An EEPROM or a flash memory may be used for the non-volatile memory of the cartridge. Another available 
structure backs up the contents in a memory by means ol a battery, so as to make the battery non-volaUle. A bubble 
memory or a micro-miniature hard disk may also be applicable for the non-volatile memory. 
10 [00371 A memory that transmits data by serial access may be applicable for the non-votatBe memory. In this case, 
the infomiation on the quantity of ink is vwittcn into the non-volallle memory in synchronism with a ckx* lor specifying 
an address. The memory of the serial access type is small-sized and has a less number of tenninals, thereby attaining 

the effect of resource saving. w -* . i .u 

[00381 The data written into the non-volatile memory may be obtained by omitting tower bits from the data of the 

15 predetermined number of bits stored in the printer or by converting the data of the predetermined number of bits stored 
in the printer to data representing a percentage. The on»y requirement is that the data written into the non-vrtaiile 
memory should have a smaller numlwr of bits and correspond to the data stored in the printet 
[00391 In accordance with one preferable applicailon of the present invention, the cartridge has an ink resen^oir. m 
. which a plurality of different inks are kept. The data of the specifk; number bits are written wlh regard to each of the 

20 piuraUly of diflerenl inks into ihe non-volatflemenrxxy. This arrangement enables ptunji pieces of information regarding 
fee Quantfties of the plurality of different inks to be stored in one non-volatile memory. 

[00401 In one embodiment ol ihe cartridge with a plurality of different inks kept therein, the ink resenww is dnrided 
'into at least three ink chambers, m whfeh at least three different inks are kept and the non-volatile memory has a 
plurafity ol information storage areas, in each of which information on a quantity of each of the et feast three different 
25 inks is stored independently. A storage capacity of not groator than 2 bytes is allocated rospectivefy to tho pluraBty of 
information storage areas. u - i, 

[00411 In this stnicture of the embodtment, the storage capacity of not greater than 2 bytes is alk>cated to each ink. 
When the cartridge has three cfiflerent inks kept therein, the total storage capacity required for storing the information 
on the quantities of the three cfifierenl inks is not greater than 6 bytes. In the case where the ink resenw is divided 
into five ink chambers, in which five different inks are kept, the total storage capacity required for storing the mformatton 
on the quantities of the five different inks is not greater than 1 0 bytes. 

[00421 In any of the applications of the present invention discussed above, the infomiation on the quantity of ink nrwy 
be the remaining quantity of ink or a cumulative anrwunt of ink consumption with re^rd to the cartridge. The inf omation 
may olhenwise be an amount of ink consumption while the cartridge of interest is attached to the printer There is an 
cartridge that can be refilled with ink. The cartridge of this type is detached from the printer, refilled with nk, and attached 
again to the printer, for example, in response to an instniction of Vefiir displayed on the switch panel. In this case, it is 
required to monitor the amount of ink consumptkxi while the cartridge is attached to the printer. 
[00431 These and other otHects. features, aspects, and advantages erf the present invention wiO become more ap- 
parent from the foOowing detailed descrpiion erf the preferred embodiments with reference to the accompanying draw- 
40 ings. in which:- 

Fig. 1 is a perspective view illustrating the stnjcture of a main part of a printer 1 in one embodiment according to 
the present invention; 

Fig. 2 is a bkjck diagram illustrating the internal stnicture of the printer 1 including a print controller 40; 
45 Pig 3 shows a layout of nozzle openings 23 formed on the print head 10 shown in Fig. 1; 

Figs. 4Aand 4Bare perspective views respectively illustrating the structures of an ink cartridge 107K anda cartridge 
attachment unit 18; 

Fig. 5 is a sectional view iOustraUng an attachment stale in which the ink cartridge 1 07K shown m Pig. 4 A is auacneo 
to the cartridge attachment unit 18 shown in Fig. 4B; 
so Fig. 6 is a bkxk diagram showing the configuraton of a storage element 80 incorporated in the mk cartridges 1 07K 

and 107F attached to the printer 1 shown in Fig. 1; 

Fig. 7 A is a flowchart showing a processing routine to write data into the storage elennent 80; 

Fig 7B IS a liming chart showing the timing ol execution of tho processing shown in tho ftowchart of Fig. 7A; 

Fig. 8 shows a data array in the storage element 80 incorporated in the black ink cartridge 107K attached to the 

55 printer 1 shown in Fig. 1 ; w ^ . .w 

Fig. 9 shows a data array in the storage element 80 incorporated in the color ink cartridge 107F attached to the 

printer 1 shown in Fig. 1; w • c 

Fig. 1 0 shows a data array in an EEPFIOM gO incorporated in the print controller 40 of the printer t shown m ng. i . 
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Fig. 11 is a llWMchafI show«9 a printing process routine including a process ol calculating the remaining quantities 

?^^^^S!^^t^omno a pRxessing routine to store data Into the storage elerrtents 80. ^ich is executed 
by intenuption in response to a power dovm instruction; . „ ^ . .k- i-w tha 

5 Fig. 13 is a flowchart sho»«ng a processing routhe executed at a lime ol attachment of the ink cartndge to the 

E jTmand 14B respectively show conversion ol 32-bit data to 8-bit data and conversion ot 8*H data to 32-bit 

15 is a block diagram Bhistraling a connection ol a control IC 200 in a second embodimeni according to the 

KHe'^Te arrangement of a control board 205 and other related elements in the second embodiment; 
Fig. 17 is a flovchart showing a processing routine executed on the completion ol a printing operation or a deanmg 

orocess in the second embodiment; .■ j „. .u- 

EITlS is a flowchart showing a processing routine executed at the lime ol a powernon operation and at the lime 
IS ol attachment ol the ink cartrkJge to the printer l; ... ^ 

Fia 1 9 te a table showing serial numbers provided as identitlcatlon niomration; and 

Fig. M is a perspective view Musliaiing the structure ol another color ink cartndge as one modOfcation of the 
present invention. 

20, DESCRIPTION OF THE PREFERRED EMBODIMEMT 
(First Embodiment] 

(General Stnicture of Printing Apparatus) 

f0044l Fig 1 is a perepeclive view illustrating the structure ol a main part of an Ink jet printer 1 in one «^»«*inr«nt 
L^U ? me preLnt^l^ention. The printer 1 of me embodiment Is used In connection w«h a --P^; 
a «Lner SC is also connected. The computer PC reads and executes an operai^g system and predetermned pro- 
grS^"o iStSn tcomb^iion with the printer 1 . as a printing apparatus. The computer PC exiles apph^t«| 
D^!Sm on a sp^BIc operating system, carries out processing of an input image, for example, read from the scar^r^r 
l^^^dl^y^pro^ssedKonaCRT display MT.Vymen the user glvesaprintingn^^^^ 
fn^'ipS^Ct^^^",ple. retting the image «>theCRr display MT.isc^^ 
IMh^S^g system is activated to transfer processed image data to me printer l. 

r^ds a record^edium. such as a CD-ROM. and other non-Illustrated dnves are mounted on the computer PC. 
SSl ^STpSer driver com^erts original cotor image data which are input from the scanner SC and subjected to 
Kul^ iTge processing, to color image data printable by the printer i in response to the pnnt».9 .nstmct«n^ 
Lnd 3di^ the corweited crtor image data to the printer 1. The original cotor image data consists ol throe color 
Tl^^ ^TrTm^e^Gl and blue (B) The converted cotor image data printable by and output to the 
prtSTSis^J d iSir'S^L. that is. iack (K). cyan ,C). light cyan (LC). ^^^'f 
40 f|^randTe»ow (Y). The printable cotor image data are lurther subjected to binary processrtg. ^J^^^^ ^ 
S state ol ink dote These image processing and data conversion processes are known m the art and are thus r»^ 
^"S; Sl^ribShere. These processes may be carried out in the printer t . in place ol the printer dnver »u:luded 

ToS^l'^e Sn^Sr^dS^irtL^ stnicture o. me printer 1 . Relerring to Fig 1 and the btock diagram o. Fig. 
L^Drinten^T^rintcon^^ 

ei^^ o I^L^e S Stroller 40 and the print engine 5 are incorporated In a printer main body 100. The prmt 
Ir^KKled m the printer main body 100 has a print head lO. a sheet feed mechanism ll and a carr«ge 
Sr^sTia The print head 10 is integrally lormed with « cartridge aiiachmenl unit 18 to construe a carnage l OV 
7h?SrntTead 10. which is an .ik jet ^e. is mounted on a specific face of the carriage 101 ttet laces a sheet o^ 
oSntinTL^TlOS that is. a tower face ol the carriage 101 in this embodiment. Transfer of print data to the PJ^<i 
^"?J?.^rJ.r!i;. fl exible Print cable (FPC) 300. The carriage mechanism 12 includes a carnage mo^or 103 and 
IZ^otTn ^2?*^ c ^r - riage motor 103 drives the carriage 101 via the timing belt 102. The carnage 101 is guided 
L a ru^c^l^bcMM and2«ves fon-ard and backward atong a width of the printing paper 105 by means o. norn^l 
Sd ^evtsT^Sons ot the carriage motor 103. The sheet feed mechanism 11 .hat leeds the pnn,«g paper 105 
AS includes a sheel feed roller 106 and a sheet leed motor 116. ^ „ ^ 

IS LT^mldge l07Kand a cokx «k caruidge 107F. 
S^PcaiiS anachmemunit 18 ol the carriage lOl. The print head 10 receives supplies ol inks fed from mese^k 
«n,^^VrSi?7F and ejects ink droplets against the printing paper. 1 05 wim a movement of the carnage 101 . 
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so as to create d(«s and pfinl a pkiurBim^ Of tetters on the prinlBig paper 105. , «^ k.. 

[0CM81 Each ol Iha ink cartridges 107K and 107F hasa cavity therein lor keeping ink. wh«h « prepared t^y dasolvmg 
or dispersing a dye or a pigment in a soivent The cavity tor keeping ink therein is generaDy referred to as an mk 
* SiS^^SbSkir^kcaSgelOZKhasanj*^^ 
s ?SJ^hi aTSd inkctSnbers 107C. IOtCC. 107M. 107LM. and tOTY. which are formed separately. Cyan «k 
C) fiSTcJil^^LS. magerua ink m light magerrta ink (LM). and ye«ow ^k (Y) are kept -P«^f " 
chambers 107C. 107LC. 107M. 107LM. and 107Y. The print head 10 receives supplies o» vanous cotoi inks led from 
5«respective ink chambers 1 07C. 107LC. 107M. 107LM. and 107Y and ejects ink droplets ol various colors to an- 

fOMsT* TSS^ft 1 08 and a wiping unit 1 09 are disposed on one end ol the printer l . which is included In a rion- 
orintable areaThe capping unit I08ck»es no22le opening formed on the print head lOduringihe stoppageof prntmg 
ooeration The capping unit 108 effectively prevents the solvent component in the ink from being vaporized during the 
sSwaoB of prirn^ operation. Preventing the vaporization of the solvent component in the ink favorably depresses 
anSS^se In viscwityof ink and formation ol an ink film. Capping the nozzleopenings during the stoppage of pm |ng 
Se«tS efl^tSSr prevents the nozzles from being ctogged. The capping unit 108 also has a lunct.cn cl «>l ^ing 
?k droplets ejected lr«n the print headlObyallushing operation. The flushing process i^ 

me eaSage 101 reaches the end ol the printer 1 during the execution ol the printng operation. The nushing process 
Tc^7^e actions for preventing me nozzles from being clogged. The wiping unit 109 is tocated m ^c»J.y^ 
ippmg unit 108 to wipe the surface ol the print head 10. lor exampte. with a blade, so as to wipe ou the 
t?SJ?'duslacmeringto the surface ol the print headlO. in adrf,lk»,lom^ 

out a sucki^ope«t«n with regard to the nozzles, for example, in the case of abnom^hty occurnogdue o 
of ISw^^ nozzles, ^sucking pnxes* presses the capping mit 108 against the pnnt head 10 to 
nozzle openings, activates a sucUon pump (not shown), and makes a passage ccnnect^g "»« ^PP-ng 
^ 1OT J^neS^ ^essure. so as to cause ink to be sucked out ol the nozzles on the pnm hj^^ 

Z>^. m^ing SUration. and me sucking operation ere Includod in a head cleanng pro^re. The ^mg 
S«tSrZ!««rried«rtbyan^^ 

rhTp^tTS^riOwimfonv^ and backward movements ol me carriage.10l.ln mis case.onlym^ 
and me suckino operation are Inchjded In me active head cleaning procedure. 

^5?, ^iZ^ drcuH o. me printer 1 is discussed wim Fig. 2. which Is a luncr^nal »>'-''^^'«fl--?^J^^^ 
internal structure ol the ink jet printer 1 ol the embodiment. The print controller 40 has an «tertace 43 that rece«.es 

sri^irsi^aH^ntrj^^ 

rt^e7tS^lira ROM45 «, Which programs lor variousdatapr«^^ 

has a controller'46 including a CPU. an oscHlator circuit 47. a driving signal generator circuit 48 that generates a drw.ng 
sSi^l^M giien t^he p^t head 10. and a parallel input<«itput htertace 49 mat transmits me prm. data developed 
35 to dot pattern data and the driving Signal COM to the print engirw 5. „rini rontr«iier 40 via me 

fOOSIl Control lines of a swftch panel 92 and a p ower source 91 are also connected to the pnnt controller 40 via the 
oarallel InpulKJUtput interface 49. The switch panel^JTBy^TRWer switch 92a lor turning me power source 91 on and 
S a cartridge s«2ch 92b for giving an inslructton to replace me ink cartridge currently attached to the pnnter 1 with 
Som^^i Srt^SJ S a cSani^g switch 92c for giving an Instruction to pertom, Ihe lordble cleanng of the pnnt 
.0 re2?rv5l2rt^?^rswi.th9^onmeswrtchpanel92ls^^^ 

a reouirement ol ncxwraskaWe miernvtion NMI is generated. The printcontyBer 40l^iaieiy snrfiCt^ 
3 X^So!T«xess and outpub a power down instn^tioo to'ffiJpiHimeml drcuft including mT ^wer source"- 
?rS S^ jg^mmen t 6, non^kabje juerruE tton NMI. Th e powe;jource91jecejyes me^^^^ down 

t dme print controller "40 via a poweTVupply line (not shown). whlle^Spp»i9»^rrnain power s-UppV- The aandartt 
^ZTo^l^t&' n uO out vte me switch panel 92 thus does not completely cut ofl me power supply to the print 

S'^'l^Te requiremeni ol non-maskabteintem ^ NMI is also output when me cartridge switch ^Ztf-jxi the switch 
panel 92 is opeTaRnogK^nSTrSBtrtHaiSn'a^^ 

K in r5«nseto,hlou.pu.ol the requirement.ol non-maskable InterruptionNMU^ 

an-TnfSrrupllveprocessmg routine discussed later. In me Inlerruptive processing rout»>e, ^^i^^aa^iJUaSH^^^e 
requ irement ol in terruption N MI due toan operation ol a swUch on the «''^!!£ !l£gg^^^^^^!5i!2g;i^^ 
^;:^:^^;^^ti;Sl^,rSnS^ in.o.rup;L NMI duo tothe lorcible cuT^«^nt;r;^;>>^r^5p^ 
m i^ni ^be carried oLt according to me cause ol m e output ol me requirement ol mtermption NMI. as^tecuss^glagL- 
S5 fThepowersourceOlh^ an auwKary power unit, for example, a capacitor, to ensure a power supply lor a predetemnmed 
lime period, lor example. 0.3 seconds, after Ihe power plug Is pulled out ol the socket. . ^ ^ ,^ k k 

^ 100531 The print controller 40 has an EEPROM 90 mounted thereon as a memory d Ihe printer man body 1 00. which 
stores lnfom«tion relating to the black ink cartridge 107K and the cotor Ink cartridge 107F mounted on me carrage 
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101 as s»io»w» in Fig. 1. The EEPROM 90 stores pkiral pieces ol specific information including information relating to 
QuantHies of inks « the black ink cartridge 107K and the coter ink cartridge 107F. as discussed later ««te»B The ink 
quantity-relating mformalion may regard the remaining quanlities o( the respective inks in the mk cartndBes 107K and 
^ 107F<wtheamoontsolconsumptionoltherespectiyeink6withregaidtotheinkcartndges l07»<andJ07F. Thepnnt 

5 controOer 40 alsohas an address decoder 95. which converts desired addresses in a memory ceHBI (descnDed later) 
1 ol a storage element 80 (described later), at which the controDer 46 requires to gain accesses (read and wrtte). into 
. numbers ol ctocks. The controller 46 in the print controDer 40 generally processes data by the imH ol 8 b ts or 1 byte^ 
The memow ce P 81 d the s torage element 80 in corpora ted in the ink cartridges 107K andJOTF s serially accessed . 
^^^l O / in -p=J^^ 37nHi;;p?^ii u>fHl.Hn efMkS-rKegg"-- 'f " •'■^^"'J""" ^g Sga She annrftsses to he 

^ V ^\ ^ |0054T~Tf;?^^Mirildel^ the amount ol Wt consumptton by calculation. The cateulation of the amount of ink 
^ ^JmplionrnaybecarriedoutbythaprinterdriverincorporaledinthecomputerPCorbytheprinterl.TheM^^ 
' of the amount of ink consumption is porfomned by taking into account the following two factors: 

IS (1) Amount of ink consumptwn by printing an image: 

In order to accurately calculate the amount of ink consumptkMi in the process ol printing, image data are 
subjected to cotor conversion and binarization processes and converted to on<n data ol ink dots. With rogardio 
the image data m the on conditton ol Ink dots, the weight ol each dot is multiplied with the number ol dots. Namely 
the frequency of ejection ol Ink droplets Irom the nozzle openings 23 Is multiplied by the weight ol each Ink droplet. 
The amount ol Wi consumptton may be approximated Irom the densllies ol ihe respective pixels included in the 
V image data. 

(2) Amount dir* consumption by cleaning the print head 10: . , « 

The ainount of ink consumption by cleaning the print head 1 0 incUxtes an amount of mk ejection by the flush w^^ 

operatton and an amount ol ink suction by the sucking operation. The action of the fhishing operation is ident«al 
with tho normal ejection ol ink droplels. and the amount ol ink ejection by the flushing opoiation » thus caksulatod 
in the same manner as described in the (actor (1). The amount of ink consumption by the sucking operation is 
stored in advance according to the revolving speed and the activatkjn time of the sucking pump. The amount ol 
ink consumed by one sucking action is generally measured and stored in advance. 

I0OS51 The current remaining quantity of ink is detemtined by subtracting Ihe calculated amount ol ink consumption 
from ttie prevtous remainrg quantity of ink prior to the current printing operalton. The controlter ^.<ames out the 
cataulatton of the remaining quantity of ink according to a speciTic program, for example, one stored in the ROM 45. 
uslno data stored In the EEPROM 90. ^ 
100561 in the arrangement ol this embodiment, the cotor converston and binarizatton processes are perlormed by 
the prWer driver in the computer PC as described prevtously. The printer 1 thus receives the binary data, ttet^ he 
data on the dot on-ofl condittons with regard to each ink. The printer 1 multiplies the weight of ink lor each dot (that is. 
the weight ol each ink droplet) by the number of dots to detemnine the amount of ink consumption, based on the input 

[OcSi*nie ink jet printer l ol the embodiment receives the binary data as described prevtously. .^^V °'J»«^ 
*o binary data is. however, not coincident with the nozzlearray on the print head 10. The controller 46 accordingly dmdes 
the RAM 44 into three porttons. that is. an Input butler 44A, an intem.ediate buffer 448. and an output buHer 44C, in 
oSerto perform the reaTrangement ol the dot data anay. The ink jet printer 1 may altematively carry out the requ.^ 
processing for the cotor comrersfon and the binarizatton. In this case, the ink jet printer 1 registers »epnn data which 
Tnclude the multi-tone infomialton and aretransmlttedfrom the computer PC. into the inputbuB^^ 
45 43 The print data kept in the input butler 44A are subjected to command analysis and then transmitted to the inter- 
mediate buffer 44B. The controller 46 converts the input print data into intennediale codes by supplying nforrnation 
regarding the printing postttons of the respective letters or characters, the type ol mbdilicatton. the size of the ettej^ 
cx^raclers and Ihe tonl address. The iniermediale codes are kept in the intem^diate buOer 44B. The controller 46 
then analyzes the intermediate codes kept in the intennediate bufler 44B and decodes the intermediate codes into 
so binary dot pattern data. The binary dot pattern data are expanded and stored in the output buffer 44C < 

100581 In any case, when dot pattern data corresponding to one scan of the print head 10 are obtained, the dot 
patiein data are seriaUy transferred from the output bufler 44C to the print head 10 via the parallel inpuKxjtput ^itertace 
49 Alior the dot pattern data corresponding to one scan ol tho print head 10 arc output Irom the output buBer 44C. 
the process erases the contents of the intermediate butler 44B to wail for converston of a next set of pnnl data, 
ss [00591 The print head 10 causes the respective nozzle openings 23 to eject ink droplets against the pnnting medium 
at a predetermined timing, so as to create an image coiresponding to the input dot pattern data on the pnnting medium. 
The driving signal COM generated in the driving signal generator drcuH 48 is output to an elemeni dnvng circuit 50 in 
the print head 10 via the parallel input-output interlace 49. The print head 10 has a pluraUty of pressure chambers 32 
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£Vid a ptuiaBty d piezoelectric vterators 17 (pressure-genefating elements) respectively connecting witti the nozzle 
operongs 23 The number of both the pressure chambers 32 and the piezoelectric vtorators 17 Is thus coincident wfth 
thTnumber ol the rwzzle openings 2a When the driving signal COM is sent from the elemenl driving circuit 50 to a 
certain piezoelearic vftnator 17. the corresporKJing pressure chamber ^ is contracted to cause the corresponding 

s nozzle openrig 23 to eject an ink droplet. w — i^^u 

[0060] Fig. 3 shows an exerr^Wied layout of the nozzle openings 23 on the print head 10. The print head 10 has a 
plurality ot nozzle arrays respectively corresponding to the black ink (K). the cyan ink (C). the li^t cyan ink (LC), the 
magenta ink (M). the light magenta ink (LM). and the yellow ink (Y). Each nozzle array includes the nozzle openings 
23 arranged in two lines and zigzag (Structure ot Ink Cartridges 107K, 107F and CarUidge Attachmeni Unit 18) 

10 [00611 The black ink cartridge 107K and the cokK ink cartridge 107F, which are attached to the ink having 
the above configuration, have a common basic structure. The loltowing descriptk)n regards the structure ol the ink 
cartridge, the black ink cartridge 107K as an example, and the structure of the cartridge attachment unit 18 ol the 
printer main body 100, which receives and holds the ink cartridge 107K. v«ih reference to Figs. 4A. 4a and 5. 
[00S2] Figs 4A and 4B are perspective views schematically iHustraling the stmctures of the ink cartridge 107K and 

15 the cartridge attachment unit 18 of the printer main body 1 00. Fig 5 Is a sectional view illustrating an attachment slate 
in whch the ink cartrWgc 107K is attached to the carUidge attachment unit 18. 

[00631 Referring to Fig 4A, the ink cartridge 107K has a cartridge main body 171 that is composed ot a synthetic 
resin and defines the i ol»>chOTberH7K >»i whk*i black Ink is kept, and a storage elem ent (non-volati ie n^emory) 8( ^1 
incorporated in a skte frame 172 ol the"cartrid9e main body 171. An EE^M is g^ally appll^ tOi Uiu bl0l5?jB^l 
eler ABht BU thai gVewri t able by l&lectrica»y erasing the non^equired contenls of storage and n^intains the contents » 
(^storage even after the power supply is cut off. The allowable frequency of rewriting data in the storage element 80 
Is about ten thousand times, which is stgnificantly \^% than the aUowable frequency ol rewriting in the EEPROM 90 
incorporated in the print controller 40. This makes the cost ol the storage elemenl 80 extremely low The storage 
element 80 enables transmission of various data to andf rom the print controtter 40 ol the printer 1 . while the ink cartridge 
107K is attached to the cartridge attachment unit 18 of the printer main body 100 shown in Fig. 4B- The storage oloment 
80 is received in a bottomopened recess 173 formed in the side frame 172 of the ink cartridge 1 07K. The storage 
elemenl 80 has a pluraUty of connection terminals 1 74 exposed to the outside m this embodiment The whole storage 
element 80 may. however, be exposed to the outside. Atlemativety the whole storage element 80 is embedded, and 
separate connection termirials may be provided independently. 

(00641 Referring to Fig. 4B. the cartridge attachment unit 18 has an ink supply needle 181 . which is disposed upward 
on a bottom 187 of a cavity, in which the ink cartridge 107K is accommodated. A recess 183 is fonned about the needle 
181 When the ink cartridge 107K is attached to the cartridge attachment unit 18. an ink supply unit 175 (see Fig. 5), 
which is projected from the bottom ot the ink cartridge 1 07K. is fitted in the recess 1 83. Three cartridge guides iBif are 
set on the inner wall of the recess 183. A connector 186 is placed on an inner wall 1 84 of the cartridge attachment unit 
1 8 The connector 186 has a plurality di electrodes 1 85, which are in contact wtth and thereby eiectrk:ally connect with 
the plurality of connection terminals 174 of the storage element 80 when the ink cartrkige 107K is attached to the 
cartridge attachment unit 18. .... 
[00651 The ink cartridge 107K is attached to the cartridge attachment unit 18 according to the follovmg procedure. 
When the user operates the cartridge switch 92b on the swHch panel 92 to give an instmctk>n of replacing the ink 
cartridge 107K. the carriage 101 shifts to a specific position that aUov^s replacement ol the ink cartridge 107K. The 
procedure of replacement first detaches the ink cartridge 1 07K currently attached to the printer 1 A lever 1 92 is fixed 
to a rear wall 188 of the cartridge attachment unit 18 via a support shaft 1 91 as shown i n Fig. 5 . The user pulls up the 
lever 1 92 to a release position. ^ which the kik cartridge 107K can be detached from the cartridge attachment unit 18. 
Another ink cartridge 107K is then located on the cartridge attachment unit 18. and the lever 192 is pressed down to 
a fixation position, which is over the ink cartrkJge 107K. The pressndov^m moik)n o( the lever 1 92 presses the ink cartridge 
107K dovmward. so as to make Ihe ink supply unit 175 fitted into the recess 183 and make the needle 181 pierce the 
ink supply unit 175. thereby enabling a supply of ink. As the lever 192 is further pressed dovffi. a clutch 193 disposed 
on a Iree end ol the lever 192 engages with a mating elemenl 189 disposed on the cartridge attachment unit 18. This 
securely fixes the inkcartridge 107K to the cartridge attachment unit 18. In this state, the plurality of connection terminals 
so 1 74 on the storage element 80 in the ink cartridge 107K electrically connect with the plurality of electrodes 1 85 on the 
cartridge attachment unit 18. This enables transmission ol data between the printer main body 100 and the storage 
element 80. When the replacement of the ink cartridge 107K is completed and the user operates the switch panel 92 
again the carriage 101 returns to tho initial positk>n to be in the printable state. 

t00S$] The color ink cartrkJge 107F basically has a similar sUucture to that of the ink cartridge 107K. and only the 
S5 dlHerence is described here. The cotor ink cartridge 107F has five ink chambers in which five diflereni cokx inks are 
kept It is required to feed the supplies of the respective color inte to the print head 10 via separate pathways. The 
cotor ink cartridge 107F accordingly has five ink supply units 175. which respectively correspond to the five diflerent 
color inks The cokx ink cartridge 107F. in which five dBferent cotor inks are kept, however, has only one storage 
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eleo^tBOincorporatedmerein. Piece, olintorn«t«,r^ 

are coHectivety Stored in this stomge elemert 80. 

(Structure erf Storage ElemerH 80) 

100671 Fig 6isablockd«qramshc««n9lheconr,9uration<rtmestora9eelerneniroi^ 
l^JUl07F atlached xJZlk jet printer 1 o. the embodbnent Figs. 7A and 7B show a data wntmg process «to 

ISi^T^n-^ thet^xK dlagra^C F^. 6. .ha stocage ^'--'^^'^l^^t^?^^^^^^^ 
:K^mnn,c«ii8i 1 rmflMrrli ""^ acMress counter 83. The^iftwrtfe controller B2.is a arcurin^^ 

S^^S^SlS^tesanoutputthatrepresentsana*^^^ 

- on tte address count e r 83 is set equal '°J«;^J^'>^'^f ^"^^^ ^ 
^ ^V-J ^jgg^saSSaa^i aPiWtimiiia^ ,he ciecirS^WThe addrpw counter 

" iX J^inZ. respectN^ehr allocated to tlrs. and second blacK inK remain.ng quantUy memory d^.sons 701 

iH*» c:o««d black ink remaining quanllty memoiy division 702 is the previous oaia immeaKiieiy w 
::,^exr:S:^^^ the second black ink ,3pacity 

nSSrS] Both the first and second black ink remaining quantity memory d^ns«>ns 701 and 702 have a storage capacity 
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Of 1 bvio or 8 bits. Anothe r pfBler abte appncatton allocates the data on the remaining quan Bly ol Mack to a certain 
addr^ lhat aea^ ^^T to the dbta on the Irequency a attachment ol the ink cartnoge i n the storage ejgrne nl 
mr a the htack ^ikrailirMoe I07K. This arrangement enables the daia_p n Jhejemaining quanlitv ol. black ink to be 
a/i«;ftsfiad first lor e xampteTSnte case ot a r^«r.nH ^ima oBcusseo rarer 

ro OTTl I he read onV dala store d in the first storage area 750 include data on the lime (year) ol unsealing the ink 
cartrrdoe 107K. data on the lime (month) ol unseaing the ink cartrWge 107K. verskjn data ol the ink cartridge 107K. 
data on the type ol ink. lor example, a pigment or a dye. data on the year ol manulacture ol the »nk cartiWge 107K. 
data on ihe month ol manulacture ol the ink cartridge 107K. data on the date ol manulacture ol the rtc cartndge 107K. 
data on the production line ol Ihe ink cartridge 107K. serial number data ol the ink cartrWge 107K. and data on the 
recycle showing whether the hk cartridge 107K is bran*new or recycled, which are respectively allocated to memory 
divisions 7 11 through 720 thai are accessed in this order. 

100781 An intrinsk; value is set to the serial number ot each ink cartridge 107K. which is accordingly utilized asJD 
(Wentmcation) inlormatWn. In the case where the data on the year ol manulacture. the month ol "«""*aclure the^e 
ol manulacture and me time ol manulacture represent the precise time when a certain ink cartndga 107K has been 
manulactured (lor example, to the unit ol second even 0.1 second), such data may be utflized as ID «^^otwa^>on 
100791 Relerring to Fig. 9. Ihe memory cell 81 ol the storage element 80 incorporated in the color mk cartrWge 1 07F 
has a first storage »r «« kso in whfeh read onV data are stored, and a second storage area 660. in which rewntable • 
data »» > ' «t~«>d The offi^ ^iTBdn body iWcanonS ueai^^ in the lirsi storage area 6S0. ^»»e perfomiing 
both the reading a r W wriUno oper attons with re ^ rd to the data stored m the seoofW sipraqe arw 66 0. The sMond 
\,r ^ «rP« fiTO is tocatedal7speciric ad dress that is accessed priw l o ihe first storaoearea 650 . Namely the second 
ilorlqe area 660 has a tower address (thi is. an "address ckx>er to the head) than that ol ihe first storage area 650. 
100801 In the second storage area 660. data regarding the frequency ol attachment of the ink cartrWge is registered 
■in a head portion 600 thereof. Fi«t data on the remaining quantity of cyan ink. second data on the remaining quantity 
of cyan ink. first data on the remaining quantity of magenta ink. second data on the remaining quantity of nagenla irik. 
first data on the remaining quantity of yeltow ink. second data on the remaining quantity of yeltew ink. first data on the 
remaining quantity of light cyan ink. second data on the remaining quantity of light cyan ink. first data on the remaining 
Quantity of Bght magenta ink. and second data on the remaining quantity ol light magenta ink are respectively altocated 
tocotorinkremaining quantity .-^Hiwicinn^eoi th«>uQh 610. which lellow the hea dportion eOOgnd are accessed 

fOOTTI-Sme same manner as the black ink cartrWge 107K. there are the two memoiy divisions, that is. the first color 
U remaining quantity memory divfeion 601 (603. 605. 607. 609) and the second cotor ink renr«ining quanUty memory 
division 602 (604 606 608. 610). for storing the dala on the remaining quantity of each cotor nk. This arrangemeni 
enables the data on Ihe remaining quantity of each cotor Ink to be rewritten alternately in these two memory divisions. 
(00821 Like the black ink cartridge 107K. both the first and second cotor ink remaining quantiy memoiy divisions 
with regard to each cotor ink in the cotor ink cartridge 107F have a storage capacity oil byte or 8 bits. As discussed 
above viith regard to the storage element 80 ol Ihe black ink cartrWge 107K. another prelerable appleatton allocates 
the data on the remaining quantities ol respective cotor inks to certain addresses that are accessed pnor to the *la 
on the frequency ot attachment ol the ink cartrWge in the storage element 80 ol the cotor mk cartridge 107R This 
arrangement enables the data on the remaining quantities ol respecUve color inks to be accessed first, tor example, 
in the case ol a power-ofi time discussed later. ^,k« 
[00831 Like the black Ink cartrWge 107K. the read only data stored in the first storage area 650 include data on the 
time (year) ol unsealing Ihe ink cartridge 107F. data on the time (month) ol unsealing the ink cartridge 107^ version 
data of Ihe ink cartridge 107F. data on the type ol ink. dala on the year of manufacture ol the hk cartndge 107F. ^ta 
on the month of manufacture of the ink cartridge 107F. data on the dale ol manulacture ol the nk cartrWge 107F, data 
on the productWn line, serial number data, and data on the recycle that are respectively altocated to memory divisions 
611 through 620. which are accessed in this order These data are common to all the cotor Inks, so that 0"»y o"e set 
of dat a are provided and stored ascc ^n^ daia to afihe cotor inks. As dscussed above with regard to the black ink 

carirWge 107K. Ihe serial number dala may be usable as the ID Inlormaiion. 

(00841 When the povrar source 91 ol the printer 1 is turned on alter the ink cartrWges 107K and 107F are attached 
to the printer main body 100. these data are accessed and utilized by the print controller 40. and may be stored mto 
the EEPROM 90 incorporated in the printer main body 100 as occasions demand. As shown In Fig. 10. memory divisions 
801 through 835 in the EEPROM 90 store all the data stored in the respective storage elements 80 including the 
remaining quantities ol the respcctivo inks in the black ink cartridge 107K and the cotor ink cartndge 107F 
[00851 The EEPROM 90 has a plurality ol memory cfivistons. In vifhich the data on the remaining quantity oJ black 
ink. the other data relating to the black ink cartridge 107K. the data on the remaining quantities ol respective color mks. 
and the other data relating to the cotor ink cartridge 107F are stored, as shown in Fig. 10. These data correspond to 
those stored in the respective storage elements 80 ol the black ink cartridge 107K and the cotor ink cartndge 107R 
The difference is that the dala on the remaining quantity of each ink has a data length of 32 bits or 4 bytes in the 
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EEPROM90. 
(Operation of Printer 1) 
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(00861 The lonowing describes a series o» basic processing carried out by the ink |et printer 1 o< the embod|mGnt 
KenrpJT^ anda power<)fl tin« oime printer 1 and a difference between the Jtov^btefrequerjaes of 
STq t^TsUfle etement 80 and the EEPBOM 90. with referring to the flowcharts of F.»j. 11 through 1 3^ Rg^ 
u Ta I^rt ^g a printing process routine including a process ol calculating the remammg quanu .es ol the 
i^^S fT^?5 a naJZn showing a processing routine executed at a P<»^'<^ri<^^^ ^Z Tnl/^. 
iTKJ^ari JJowing a processing routhe executed when the bbcK and cotor ink cartrrigas 107K artd 107F are 

SS(l''1?e1rSS5"i'i^^^ the ren^inng quantity o. each inK is described first. The printer 1 executes the 
SStiJr wJS^ing out the printing operation in response to a printing instruction sent tn=m the ^P""J 
SjeSi^SyJ^iroller 46 transfers print data to^ 

^!.^^^e,o^h/e inks The processing executed in this state is described with reference to the flowchart of 
1^^^^^ eJTerrSe'^ting process rout«e shown in Fig. 11 . the controller 46 tirst read, da« on 

Fig. 1 1 Pr^^T^ ..^ ,he EEPROI-1 90 Inoorporated in the print controller 40 at step S40. The data 

ris"S:"d2«^l o^^eJ^^S^^^ cycte of ^ting operation and represents the latest remainb>g 

flti ^ir^JTcSer 46 then inputs prim data lro«i the computer PC at step S41. In the stnicture ol this 
??L!t^^J^DS:S^ike cokx conversion and binarizalion is ail carried out in Ihe computer 

^Sl^Z^'pSTt^TrS^-^eL^^^ 

^"^^^k doTs The conuouer 46 subsequently cateulatos an amount ol ink consumption &i based on the mput 
^fjLatsJers^^e^nTo^kcon^mptS^ 

^ ^^^^^ J^r^^Nilh reoard to the predetermined number ol raster lines input Irom the computer PC 
Z'T^nJ^SZl STsuCSTt? the hci Cleaning action including the flushing operation and tho sucking 

Stt^ eaS tS^^ ckteulSe the quanUty of ink ejection with regard to each ink. and adds .heamoun. o^.nk 
^fur^tS, by meting operation and the sucking operation to the calculated quanfty ol e,ect«n. so as to 

so fS'^Th?<:rx''46''th^^^^^ 

30 [0088] jT/^T!L,ion li at step S43 The amount ol ink consumption corresponding to the mput pnnt data js 

^Tesl^e; ca^CS i^ r^ i?ittt^^to the EEPRO^. 90 on eve-y time of cafculatioa In order to de|ennine ttje 

^ fl^nt S iSrcon^umption up to the moment the procedure sums up the amount ol mk consumption Al with 
total arnountoln^ 

regardtotheinpapnnt^teia^a^^^ ^ subsequently converts the input print data to appropriate data 

l°Se"rtre'^y:uTfme^^^^ 

?rS« '^vS^^^tSTerSilnVi me i^ print data with rega«. to the predetermined number ol raster lines is con- 
SS2 «rj^tSiTdX^rr?nrsaX'^ 'f^^J 
toltX^^^e Where the priming operation with regard to one page has not yet been completed that .s. .n 
o one P^ae.^'" ^,1, S4S the program returns to step S41 and repeats the processing of and after 
Tn'^t S IZfZ o^T^Ts^'^ 5aa. m the case where the print-^ ope^tion with regard to one page 
hrt!lnS,3l.^iSrfn tt,^^^^ answerat step S45. on the otherhand. the programcafculates 

has been f'^'^'^'^* " ^ 324,1, data at S46. and writes the current remaining quanWy of «k In 

T '"T J^r?JES^TarJl« 847^^^ currem remaining quantity of ink In « obtained by subt^^ing 

rcur.ra™nk^s!^i2r!;L^^^^^ 
;ss5'^'Se^tS;r?:hrrL^r::^ 

100901 inio an 8-bil value le at step 348, The conversion is attained by extracting the upper 8 

r.r32 Jit ^^sh^v^t Fig 14^^ This o^eans^t the accuracy ol data decreases to l/2«. The conversion 
T r^^r^^^u^rre^'Tiino the original 32-bit data into data representing a percentage In the range ol 
may ^^^^^'-^^^^ f^^"^^**^/^^^ J, ol example, the calculated 32-bit data on the remaining quantity ol 
rron:::^ .0 re^rueT^ir^^^ intcgc^obtamod by omm^g .he figures below the decimal po^t 
or rounding to the nearest whole number) according to Equation (1) given belovf. 

le = 100 X Calculated Remaining QuantUy ol ink (32 bits) / Capacity <^ Ink (32 bits) (1 ) 
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[00911 The controBer 46 subsequently writes the converted &*it value le Wo a predetermined area in the RAM 44 
Li steo S49 The converted 8-bil value le n»y be writteft directly into the storage elements 80 ol the uiK cartndges 
l07K^l07F.Thelechniqueolthisembodiment however, carriesort 

eto^aoollheinkcartridges l07Kand lOTF only at the timings specified »»y the processing rootineol R» 12. by. 
takinq into account the relatively low allowable frequency ol writing opeiation ol the storage elements 80 
100921 The procedure oJ this embodiment updates the data on the remaining quantity ol ink by the unit ol page. This 
^^use thrprinting operation is generalV carried out by the unit of page. One modiTied procedure carnw out the 
wiitinq operation ol data on the remainingqiiantily of ink with regard toapredetcmiined number of pagesor with regard 
lo one raster Ine or a predetermined number of raster lines. Another modified procedure determmes that the prnting 
^tio. has been completed every time the print head 10 has moved lon«ard and backward by a predetemnaied 

mmber of times, and writes the data on the remaining quantity ol mk into the EEPROlwl 90. 

Soi Theupdated remaining quantity of each ink In is written as 32-blt data into the EEPROM 90 mcorporated 
L orW controner 40 of the printer 1 at the time ol calculation, whereas the converted O-bH value le is written into the 
nLK^84*dataleon\he remaining quantities of inks st«^ 

eool the black ink cartridge 107K and the color ink cartridge 107F when the power down inslruct»n « output. The 
power dovm instruction is output at the loBowing three timings as described prevwusly: 

(1) at the timing when the power switch 92a on the switch panel 92 of the printer 1 is operated to turn the power 
'* S'^mriiS.g whenihecartridgeswitch92bonlheswitchpanel92isoperatedtogive^ 
J ^Tl^'^S^ the power supply is forcibly cut o« by putting the power plug out of the socket 

[00941 With relerring lo the flowchart ol Fig. 12, the process of storing the converted 8-bit data In on the remaining 
QuanlLsof inks into the respective storage etomenlsSOol the ink cartridges 107K and 107F isdoscribod^Theproce^ 
Z^^B shown m the flowchart of Rg. 12 is activated by interniption in response to the output ol the power down 
inCSJ^s^rbed previously. VWIi^ the program enters the processing routine of Fig. 12. .t is «"T«ned 
Tt tTp So whether or r!L the cause of the intern,ption is locciWe cutoll of the power supply (the J-rung (3) d«cussed 
^ve)irihe case where the cause of the intermpiion is the forcible cutKrfl of the power suppV. that «. « the case 
ofan affirmative answer at step S50. the on»ughi»«^«;s lima is very short and thus the program skips the processmg 
of steps S51 through S55 and ^o^iHarta^T^iheremaininQ quantities of inks into the respective stofage g tssagnts 
m^ L^^ r-^Jn... lOTKandToTFiTVtep ^ T1>edata^ remaining quantities of the respective inks wntten 
S^^RHJ^iTements eS ^^e^ S56 are S»e 8-bit value le cateulated by the printing proce^ routme o^ fot ri,?,he 
Sstered in ^ RAI^ 44. The technique discussed above with reference to Figs. 6. 7A. and 7B .s appl^ to w^rte tf.e 
Sa^me reding quantWes of inks into the respecth^e storage elements 80 of the ink cartrKlges 107K and 107R 
S?Sa Sl^irSng quantities ol inks are written and stored into the second storage areas 660 and 760 of the 
respective storage elements 80. Here the remaining quantity of each ink is alternately written into the two me^ 
S« allocat^ to the ink. In accordance with one possible appHcatton. the executK>n of the storage into each 
m!SSy division may be kJentified by means of aflag. which is located at the head of each memory d veron and inverted 
40 on comDietion of the writing operatioh into the memory division. ■ ,w.> 

SS^ Ir^Te oise where tt« cause of the interruption is not the forcible cut<,fl ol the power supply that is in me 
case of a negative answer at step S50. on the other hand, it detennined that the intem^ption 's caused «;^er the 
ooeratim cX power switch 92a on »» switch panel 92 m the printer 1 to turn the power souice 91 ofl or the operatwn 

cartridge s\^ch92bon the switch panel 92 togive an instoictionol replacement ol the inkcartr 
acc^dnaV continues the printing oporatton in progress by a preset unit, lor example, up to the end of one 'aster hne 
^Sat^the remainSg quanUUes of ^ks at step S5t . The cateulation is pertom^ed accordmg 'o J «ov^ °j 
So 11 The execution of the processing shown in Fig. 11 causes the calculated remainuig quantrt.es of respective 
Js lo be stored as 32-bU data into the EEPROM 90 and as 8-bil data into the RAM 44 as described prevra^^The 
controller 46 then drives the capping unH 108 to cap the print head 10 at step S52. and stores the dr^ng condrt«ns 
SThe print head 10 into the EEPROM 90 at step S53. The driving conditions here include a voltage of the dnv.ng s^nal 
to cori.ensate lor the individual difference of the print head and a condition ol correctton '^.^^^P^"*^**'.'*;' '^^^^^^^^^^^ 
ence between the respective cotors. The controOer 46 subsequently stores counts on a var«ty ol t.nf«rs into the EEP- 
S^^X S54 and stores the contents ol a control panel, lor example, an adjustment valuo to correct tho 
mS^li^nSn^^hlSig posit«r« in the case ol bidirectional printing, into the EEPROM 90 at step S55. After me 
or^S^ Sep SM. me program carries out me processing of step S56 described above. Namely me controller 
r^ri^^me wS^data le on th^remaming quantHies ol inks, which have been stored in me RAM 44. into me sec«.d 
storaoe areas 660 and 760 ol me respective storage elements 80 ol me ink cartridges t07K and 107F at step SS6. 
(wSr in the event that the interoiptive processing routineol Fig. 12 is activated by the operal«n ol me switch panel 
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K-I i^Te^^^to^newly attached to Ihe printer 1 . More specificany. the processing rootone Fig. 1 3 .6 earned 

inKS. wiKn .1^ K ^^,,acted as the 8-bil data le on ihe remaining quantrties o( inks at step 5>40 in 

Tr:: lerSS.1:: l;.:^:^ sip srs cor^verts the 32^ c^ta .n a. the remaking .uan«ies o. .r,.s 
ZLi tKA PPPROM 90 rrto vahi©s ol percenlao© and carries out the comparison. 
l^ir^ntJeTe^*^ 
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the data on the remaining quantties ol inks lor the subsequenl processing In Ihe evenl that the converted W>rt date 
are no! coinckJeni with theS-bIt data le at step S75v on the other hand, the progiam determines that the 32^ data In 
readlrom the EEPBOM 90canrwlbeusedasthedaiaonlhe remaining quanUlies ol inKs and that the data le on Ih© 
remaSning quantities d inks read from the storage elements 80 o» the ink cartridges 107K and 107F should be used 
5 as the data on the remainhg quantities oT inks for the subsequenl processing. The progiam accordmghr converts ttie 
84)rt data le on the remaining quanlilies ol inks into the 32-toit data In on the remaining quantities ol mks at step S77. 
The cooverston d 8-bil data to 324)it data executed at step S77 is just reverse to Ihe converston ol 32-bit data to 8*it 
data For example, as shown in Fig. 14B. the 8-bit data le are allocated to the upper 8 bits ol 32-bit data, whereas the 
value •0- is aOocated to the remaining 24 bits. When the 8-bit data le on the remaining quantities ol nks represent 
to values of percentage, the conversion ol step S77 carries out the reverse cateutatkan according to Equation (1 ) given 
above to oWain the 32-bildata la The program determines that the converted 32-bil data In on the remaining quantities 
of inks are used lor the subsequent calculation ol the remaining quantities of inks at step S78 and stores the converted 
32-bil data In into a certain area ol the EEPROM 90. . ^ 

roi021 As described above, the technkjued this embodiment compares the 32-bil data In on the remaining quart iiies 
of inks stored in the EEPROM 90 of the printer 1 with the 8-bit data le on the remaining quantWes of inks stored in the 
resoective storage elements 80 ol the hk cartridges 107K ar>d 107F. every time an ink cartridge is newly attached to 
ihe^nter i Whw. the data In and le are coincWeni with each other, the 32-bit data motored in the EEPROM M are 
used lor the subsequent processing. In the case where the same Ink cartrkJge. whfch has Just been «Je«ached. is 
aiiached again to the printer i . this arrangement enables the remaining quantity of each Ink to be managed with an 
Ixiremely ^ accuracy. This accordingly enables the user to be informed ol Ihe lad that a certain mk is running out 
abd a replacemeni of the ink cartridge is required soon or immediately whh an exUemeV high accuracy. 
[01 031 When the 32.bit data In stored in the EEPROM 90 are not concWent with the 84)H data le stored in the stooge 
dements 80, for exampte. in the case where one ink cartridge has been replaced with another ink cartrxige. iheWirt 
data le on the remaining quantities ol inks stored in the storage elements 80 ol the ink cartridges 107K and 107F are 
2S used for the subsequent processing. Althoogh the accuracy ol the 8*it data le is not as high as the accuracy ol the 
32-bil data In stored in the EEPBOM 90. this arrangement enables the consistent management ol the remaining quan- 
tities of inks even when one ink cartridge has been replaced with another ink cartridge. This accordingly enabl^the 
user to be adequately Wormed ol the lact that a certain ink is running out and a replacemeni ol the mk cartndge is 

reauired soon or immediatety. . . . 

30 101041 In Ihe processing routine ol the embodiment, the 32-bit data In on the current remaining quantitiesol inks are 
calculated written into the EEPROM 90. converted to8^)it data, and written into the RAM 44. every time the pnntmQ 
oparatkxites been completed with regard to one page (see the flowchart d Fig. 11). A modified procedure may carry 
out the cateulation. the conversion, and the writing operation every lime the printing operatwn has been completed 
with reoard to one raster line or a predetermined number d raster lines. Another modified procedure may carry out 

35 these processes at different timings. For example, the procedure carries out the cateulation d the updated remaining 
!«^l!!^d^(stepS46).the^rsionto8-bftdala(^^ 

lime the priming operatton has been completed with regard to one raster line or a predelennined ^^"^J^J!^^^^ 
lines. The procedure, on the other hand, writes the newly cateulated remaining quantities d mks into the EEPROM 90 
(steo S47) every Ume the printing operation has been completed with regard to one page. 

40 roiMl The technique d the embodirnent exerts the Idkjwingeflects by makingthenumberd bits in me data l^^^ 
he remainhg quantities d inks stored in the storage elements 80 d the ink cartridges 107K and 107F smaller than 
Z nuX d bits in the data In on the remaining quantiUes d inks stored in the EEPROM 90 d the prmter 1 and 
differentiating the timings d the writing operations into the EEPROM 90 and the storage elenrients 80 Jn »hearran^ 
ment d the emtxxllment. data ai- written into the EEPROM 90 every time the printing operatwn has been comp eted 

45 wiih reoardtoone page. Dataaw. however, wrinenintothe respective storage elements 80 d the inkcartndges 107K 
and 1 07F only (1 ) when the power switch 92b is operated to turn the power source 9i df. (2) when the cartndge switch 
92b is operated to give an Instruction d replacing the ink cartridge, and (3) when the power suppV is torcibly cut oO. 
This armngement «,uses the data on the remaining quantities d inks to be updated in the EEPROM 90 at a sun.cienlty 
hiqh frequency but to be updated in the storage elements 80 at a kjwer frequency. This restricis the Irequencyd writing 

5* ,he remaining quantities d inks into the storage elements 80. Since the data having a less number d bits, that is. tfie 
8^>it data are written into Ihe storage elements 80 at a lower frequency, a storage unit having a k>wer allowable 
frequency of wriUng and a smaller storage capacity nr«y be applied lor the storage elements 80 d the expendable mk 
cartridQcs 1 07K and 1 07F. This further reduces the manufacturing cost d the ink cartndgo. 

101061 AllhouQh the frequency d rewriting data into the storage elements 80 b restricted, the latest data on the 
ss remaining quantities d inks are stored as 32-bil data in the EEPROM 90 d the printer 1. The arrangement d the 
embodiment accordingly does not have any adverse elfects oo the accuracy d the processing o. the monitoring process 
of the remaining quantities d inks in the printer 1 The monitoring process may Wink an LEO mounted on the switch 
panel 92 d the printer 1 when Ihe remaining quantity d ink becomes equal to or less than a preset level. The monitonng 
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. . , ^A^*^, ^^^t irwvvnnmtad the computer PC ol the lad thai the remaining 

nracoss may alterrtativBty inform the pnnter dnver ncorporaieo v\ in» w^np . . . ^ -^^n^r or thA 

S^llTvXSi^Ttei Which is When there is any change in *,e remaining quantities of unksjn .h« 
S^e^e STnag^ead Mediately after the output o. the power down instructtoa In the 

dS«^2^ Sedate written into the storageelerr^nts regard there^ 

^^^to^hS^^^S^ratit^.theremainingquanUtyol-.^^ 

• S^;S^^Sr^l^i^lS^a«U.din9Vbe«rriedo«toncon^^ 

i !Lt^,;^^^^1Sh«prete^^ 

* SoTsJIc^^t;^»^eSne„.80.VySan increase 

Jl^^id^ 'SSar^ This anangement cnablos the user to t)0 informed ol the remammg quanUty ol 
"^^i^^^^J^-ri^ aC^2^rJ^« «»a.e ol inning out ol each int. In the case ol a color ink cartndge 
^aX^mo^erJ^^^o^^^spi th^ein. lor example, the color ink cartridge 

SJlSTbeSg^^i^. -^creas^. Th« is especiaBy ad«jr^ in the st^ure o, stonng the data on the 
SnSTng q^tity of each ink in a duplicated manner as the embod»nent discussed abo.e. 

[Second Embodimentl 

miioi The followinQ describes a second embodiment according to the present invention. An ink fet printer arwl ink 
[011^ ''^T^S,^^^ have suuctures that are substantially similar to those ot the ink jet pnnter 1 and 

h« oaraltal inout-oUput interface 49 and the control IC 200 via a Hexible pru^t cable (FPC> 300. The controller 46 
ulZSlJ^^^toll^ from the control IC 200 using those lour sign^s. The speed of 

hT^^JlS i«and the control IC 200 is sufficiently higher than the spee/ol data Uansn«ss«n between the control 
^ 2^^^^ st^^o e^^ts «) AS described in the first embodimen/me jowrr rlrw. sinnal NMI is output whe n 
m^s^tcTsSite switch pane. 92 is operated, when the ^idge ^wi.* «^ onO^e swtch pane. 92 .s 
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Ihe arrangement oi the second embodimenl one control IC 200 attains data transmission lo and Irom Ihe rospeclive 
storaoa etemenis 80 ol the black ink cartridge 107K and the color ink cartridge 107F. in the iUustralion ol Fig. 15. in 
ordeTtodiscrimtnate the signal liies to Ihe respectKre storage elcmerts 80. a suffix 'f is added to a power source Bne 
Power and respective signals CS. RW. UO. and CIK (see Fig. 6) with regard to the black ink cartrKlge 107K and a 
*s suftijc •2* is added with regard to Ihe color ink cartridge 107F. 

101131 In the structure ol the second embodiment, the controller 46 ol the prini controller 40 in the pnnler 1 writes 
the data on the quanl Wes of the respective inks nd only into the EEPROM 90 but into Ihe RAM 210 mounted on the 
control board 205 The controller 46 makes Ihe selection signal SEL active to select Ihe control IC 200 and wnles the 
curreni data In on the quantities ol siks into the control IC 200 through the signal line RxD by non-synchronous senal 

»o communicatton. . ^ ^„ ^ . , . „ 

[01141 In the case d a press ol the power switch 92a. a press ol the carUidge swrtch 92b. or the lorcible cutoH ol 
the power supply, the print controller 40 outputs the power down signal NMI bolh Inside the print controller 40 and 
outside the print controUer 40, that is. to the conuol IC 200. The control IC 200 receives the power down signal NMI 
and writes at least the data regarding Ihe quantities ol the respective »iks among Ihe data stored in the RAM 210. into 

•5 the respective storage elements 80 ol Ihe ink cartridges 107K and 107F. The control IC 200 carries out the wnting 
operation into the storage elements 80 by the technique discussed in the lirst embodiment. As shown in Figs. 7A and 
7B the technique first makes the chip select signal CS active, then makes the readfright signal RW in ihe hig^i active 
state to select the vwltlng operation, and successively outputs the data DATA synchronously with the clock signal CLK. 
I011S1 In the suuclure ol the second embodiment, the controller 46 ol the print controller 40 in the pnnter 1 cames 

» Srt ihe processing rouihe shown in the Itowchart ol Rg. 12. In the second embodiment, however, alter calculating the 
c&rrent remaining quantHles ol inks In^t at step S46. the controller 46 writes the cateulated current remaining qoantit«s 
d inks ln*1 not into the EEPROM 90 but into the RAM 21 0 incorporated in the control IC 200. The controller 46 makes 
me seledkjn signal SEL active to eetecl the control IC 200 and writes the current data ln*l on the remaining quantities 
ol inks «to the control IC 200 through me signal Bne RxD by non-synchronous serial commuracation. 

25 [Oliq The loltovwng describes the processing with regard to the quantity ol each ink kept in the ink cartridge, which 
is carried out in the second embodinent. The arrangement ol the second enr*ocfimsnt uses the 'amount ot ink con- 
sumption' in place ol the 'remaining quanUty ol ink' lor the processing with regard to the quantity ol hk kept m the ink 
cartridge The processing may; however, be carried out with respect to the remaining quantity ol ink. like Ihe first 
embodiment Fig. 17 is a flowchart showing a processing routine executed by the cootioller 46 ol the pnnt controller 

30 40 in the second embodiment. The processing routine ol Fig. 17 is carried out at the time ol execution ol one of the 
specific processes that vary the amount ol «k consumplton m the ink cartrWge. lor example, the pnnting operation or 
the cleaning process. This processing is applfcable to the case of an increase in quantity of ink as well as to the case 
ol a decrease in quantity ol ink. By way of example, in a structure that allows the ink cartridge to be refilled wilh mk. 
the processing routine is carried out at the time ol reliUinB Ihe ink cartridge. 

35 roilTl When the program enters the processing routine ol Rg. 17. the controller 46 first calculates the amount ol 
consumption ol each ink by the printing operation and the cleaning process in this cycle as 32-bit data at step S110. 
At subsequent step St 20. curreni data lha on Ihe lotal amount ol consumption ol each ink is computed as 32-bit data 
by subtracting the cateulated amount ol consumption ol each ink in Ihis cycle Irom the previousdata on the toialamount 
of consumption of each ink stored in the EEPROM 90. The controDer 46 then writes the computed current data lha on 
40 the totals amounts ol consumptton of the respective inks into the EEPROM 90 at step SI 30. This processing causes 
the latest data lha on the total amounts ol consumptkxi ol the respective inks to be stored in the EEPROM 90 ot the 

print controllor 40. . . . .w 

foil 81 The curreni 32-bit data lha on the total amounts ol consumption of the respective inks are then converted to 
8-bit data ice on the total amounts ol consumptton ol Ihe respective inks at step SI 40. One of the techniques descnbed 
45 . in the first embodiment is applied lor the conversion to the 8^>it data executed at step 3140. The controller 46 subse- 
quentV outputs the converted 8*it data Ice on the total amounts of consumptton ol the respective inks to the control 
IC 200 at step SI 50. The output 8-bii data Ice are lo be written into the storage etemenis 80 ol ihe ink cartndges 1 07K 

and 107F. , 

[0119] In the processing ol the second embodiment discussed above, the data on the total anr>ounts ol consumption 

50 ol the respective inks, which are to be written into the storage elements 80 ol the ink cartridges 107K and 107F. are 
stored in the HAM 210 on ihe coniiol board 205 via the control IC 200 that directly controls the data transmission lo 
and Irom ihe storage elements 80. The controller 46 writes the data regarding the quantities ol inks into the RAM 210 
via the control IC 200 every lime tho data on the totel amounts ol consumption ol the respective mks are updated. 
Namely the latest data on Ihe total amounts ol consumption of Ihe respective inks are registered in the RAM 210 on 

ss the control board 205. When Ihe power down signal NMI is output in response to the lorcible cut-oft of the power supply, 
the data stored in the RAM 210 are immodiatoly vwitten into the respective storage elements 80 ol the ink cartridges 
107K and 107F irrespective of ihe operations of the print controller 40 and the controller 46 therein. This arrangement 
desirably simpBlies the processing ol the controller 46 at Ihe lime ol lorcible cul-olf ol the power supply and thereby 
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iigniScanOy reduces the loacSng ol the processing. 9, tumed&r when the ink 

pr«>, ^ '^r^^:^^ ';S^a"Z^ ^^ ^ i STn^Unelecuted l: me time C a 
cartridge .s ^^J^kStridi to the prinl^rl. When the program enters the 

powers "P^'^L"^^^' i«T,rl?^£!r^etter «r rS *«Wc cartridge ol interesl current^ attached to the 

90 IS tuny occupied ^l^^^^y:^^TZtein». carUidge o. interest is attached to the printer , .or the 

cartndge. when nas ooen oetacn^ ^.^Ih :« tKo ppprom 90 are used as the current total amounts 

total amounts ol consumption ol «h«/«!P«=^ 'J^^n ^^^e^utt oiTe^JarS de.em,ines that the original 
ol consumption ol the "^'^.^'^J^^^'^^J^ Sste^SaS oJ STcSher hand, the greater ol the original 

T H^iJ^oyK « ?^7F s^ the ink cartridge attached to the printer 1 has been specified .n advaru:e usb^ the 

SStion This arrangement takes into account a possible error m convers«n 
senal number SN as the idwitmcaliew TV^^ reoardng the total amounts ol consumption 
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cartridges are successiveV attached to the printer 1 and used lor printing, this arrangement ensures the precise iden- 
tification ol each ink cartridge and enables the total amounts ol consumption of the respective inks in the ink cartridge 
thai is attached agaii to the printer 1 without being used lor another printer to be managed with a signricantty higher 
accuracy oonpared wia> the accuracy ol the data stored in the storage element d the ink cartridge. Even in the case 
*5 where the ink cartridge is attached again to the printer 1 alter being used lor another printer, the total amounts ol 
consumption d the respective inks can be managed with a lair level ol accuracy. 

I012«l The present itwention is not restricted to the above embodmente or their modifications, but there may be 
many other modifications, changes, and atterations withool departing Irom the scope ol the present invention. For 
example, dielectric memories (FROM) may replace the mennofy cells 81 in the storage elentents 80 and the EEPROM 

nB127l The storage elements 80 may not be incorporated in the respectKre ink cartridges 107K and 107F. but may 
be exposed toihe outside. Rg. 20 shows a color ink cartridge 500 having an exposed storage element The ink cartridge 
500 includes a vessel 51 substantially lormed in the shape ol a rectangular paraBelepiped. a porous body (not shown) 
that is impregnated with ink and accommodated in the vessel 51 . and a cover member 53 that covers the top opening 
IS oi the vessel 51 The vessel 51 is parted into five ink chambers (like the ink chambers 107C. 107LC. 107M. 107LM. 
and 107Y in the Ink cartridge 107F discussed in the above embodiments), which separately keep Irve diMerent cotor 
inks Ink supply inlets 54 lor the respecthre color inks are lormed at specific positions on the bonom lace ol the vessel 
51 The ink supply inlets 54 at the specific positions lace ink supply needles (not shown here) when the ink cartridge 
500 is attached to a cartridge attachment unit ol a printer main body (not shown here). A pair ol extensions 55 are 
so ihlegially lormed with the upper end o( an upright wall 55. whfch is tecaled on Ihe skJe ol the ink supply inlets 54^The 
ext«is»ns 56 receive projections ol a lever (not shown here) fixed to the printer main body. The eortensions 56 are 
Ibcatedon both side ends ol the upright well 55 and respectively have ribs 56a Atriangular rib 57 is also lormed 
between the h>wer lace ol each extension 56 and the upright waB 55. The vessel 51 also has a check recess 59. which 
prevents the »ik cartridge 500 Irom being attached to the unsuitable cartridge attachment unit mstakenly 
[01 28] The upright wall 55 alsohas a recess 58 that is located on the substantial center ol the width ol the ink cartridge 
500 A circuit board 31 is mounted on Ihe recess 58. The circuit board 31 has a pluraHiy ol contacte, which are tocated 
to lace contacts on the printer main body, and a storage element (not shown) mounted on the rear lace thereol. The 
upright wall 55 is lorther provkJed with projections 55a and 55b and extenstons 55c and S5d lor positioning the arcuit 

board 31 .* . i_i »w 

[01291 Like the enibodiments discussed above, the ink cartridge 500 ol this mocHied stmcture also enables the 
required data such as the data on the remaining quantities ol inks, to be stored into the storage element provided on 
Ihe drcuil boaird 31. The data stored « the storage element ol the ink cartridge 500 has a shorter bit length than that 
ol the data stored in the EEPROM incorporated in the printer main body. 

(01 301 The above embodiments apply Ihe five cotor inks, that is. magenta, cyan, yeltow, light cyan, and light magenta. 
35 lor the plurality ol cotor inks kept in the cotor ink cartridge. The principto ol Ihe present invention w. however, also 
applicable to another ink cartridge, in which any combinatkjn ol an arbitrary number ol different inks, lor exampte. six 
or seven diflerent color inks, are kept The present invention is further applicable to the structure in which the ink 
cartrkJges are set in the printer main body, as well as to the stnicture in which the ink cartrkJges are mounted on the 
carrtaQe. 

40 [01 31] The scope <rf the preseni tnvenlion is limited only by the terms of the appended claims. 
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45 1 A printer to which a cartridge is detachably attached, said cartridge keeping ink therein and having a rewritable 
non-voJatile memory, said printer causing the ink kept in sakJ cartridge to be iransterred to a printing medium, 
thereby implementing a printing operation, said printer comprising: 

a rewritable printer memory; 

so an information writing unit that writes information on a quantity of ink in said cartridge, which is consumed with 

a progress ol a printkig operation on said printing medium, as data of a predetermined number of bits, mto 
said printer memory; and 

a memory wriUng unit thai converts the information on the quantity of ink in said cartridge to data of a specific 
number ol bits, which is less than the predetermined number of bits, and writes the converted data ol the 
55 specific number of bits into said non-volalile memory included in said cartridge. 

2 A printer in accordance with claim 1 . wherein said memory writing unit omits lower bits from the data of the pre- 
determined number of bits written by said information writing unit thereby implementing the conversion. 
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3. ' * ' 
the conversion. 

4. A printer in accordance with claim 1 . said printer further comprising: 



A Drinter in accordance whh claim 1 . Mierein said memory writing unit converts the data ol the predetemnined 
nimtber ol bis wrttten by said information writing unit to data representing a percentage, thereby ffnptementmg 
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a dedston unit that determines whether or not the information on the quantity of ink written in said printer 
memory is coincident with th e converted data of the specific number of bits written in said non^latile memory^ 
at a time <^ a start of power supply; and .. .. 

subsequent p«x:essing wtth regard to the quantity ol inK in said cartridge, when saK» d«as«>n unit 
S^^s thatli inf Jrmation ^ the quantity ol ink Is coincident with the convened data ol the specrfic 
number ol bits. 

A pm\et in accordance with claim 1 . said printer lurther comprising: 

a decisioo unit that determines whether or not the information on the quantity ol ink written in said printer 
J,e^lscoincldentwiththecooverteddataolthespeciIicnumbe,o»bitswritt^ 

at a time of a start of power supply; arKl . . • 

i inVc^ly manaSemen. unuLl re-converts the data of the specific number ol ^.Is wnllen .n sax! non- 
^teS^ imo^ data ol the predetemtined number ol bits, writes the re««verted data o« me prede- 
termined nunber ol bits as the inlormatioo on the quantity ol ink into saKi pnnter nr»^ 
converted data ol the predetermined number ol bits lof subsequent processing w,th regard to the quanUty o^ 
STin said cartridge, when saU decision unit detemiines that the intonnation on the quantrty ol ink .s not 
25 coincident with tho converted data d the specific number of bits. 

6. A printer in accordance with claim 1 . wherein said nonvolatile memoir included in said cartridge has a spocHic 
area. In which a piece ol Identification information that enables identification of saKf cartrKlge. is stored. , 
said printer further comprising: 

an idenUfication information reading unit that reads the piece of identificaton infom«lion stored in the specific 
^.Td said non-volatile memory at a time of a start of power supply andtor at a hme of a replacement of said 

S^Scation inlom«l«n storage unit that stores the readout piece ol identification in>o"»;a>*o«; 
a coincidence decision unit that compares the readout piece ol identificatwo mlom^t«n wrth the stored p«ce 
of identification infomation. which has been read out previously, so as todetem>ine coincKlence or nonooin- 

il^TJiSJ^ri^ement unit that applies thedataol the predetemiin^ 

lor subsecSnt processing with regard to the quantity ol ink in said cartndge. when sad co.rKKtence 
SlSit Set^ines »«t the^adout piece ol identificatton inlom«tioo is coincident with the stored piece 
ol klentifcainn inlormation. 

7 A orinter in accordance with claim 1 . wherein said nonvolatile memory included in said cartridge has a specSic 
area, in which a piece ol identilicalkx. inlormaticn that enables identificalkx, of said cartndge. is stored. 
45 sakJ printer lurther oomprising: 

an identification information reading unit that reads the piece of identification infom«tlon stored in «he specilte 
area of said non-vobuile memory al a lime of a start ol power supply and/or at a lime of a replacement of s-kJ 

so 21 wSicationinforn«tion storage unit that stores tho readout piece of identification .. 

Tcoincidence deciston unit that compares the readout piece of identification informal«n wrth the stored piece 
of identification inlomtation. which has been read out previously, so as to detemiine comcKJence or nooooin- 

^^^ii^agemont unit that reoonverts the data of the specific number of bits written in said non- 
55 voWitennemory into the data ol the predetemnined number ol bits, writes the reconverted data oMhe prede- 

termined number ol bits as the intonnation on the quantity ol ink into said printer memory, and applies the re- 
converted data ol the predetermined number ol bits lor subsequent processing with regard to the quantrty ol 
ink m said cartridge, when said coincidence decision unit detemnines thai the readout piece ol «lent.ficat«n 
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information is not coincideni wrth the stored piece d icientificaiion mtormalion. 

A printer in accordance with claim 1. wherein said non^fle memory included ^^^^^^^^ 
arL. in «hich a piece ol identffication information that enables identification ol said cartridge, is stored and 
Gakt mtormattoo writing onil comprises: 

an identificalion intortnation reading unit that reads the piece of identification inlonmatioo stored in the specific 
^jJ?a?^'Colatile memory a?a time d a start o. power 

r^^'J^thatcauses the inlometion on the quantity o. ink wHhregardtoeach^rtridge^ 
piece J Identilication intometion to be stored into said printer memory by otilizutg the read-out piece ol den- 
tiTication intonnatioo. 

said printer further comprising: 
aretrievalunit thatretrievesdata stored in saidprinter memory by utilizing thepi^olidentm^ 
Ld irom said non-volatile memory, so as to detemiine whether or not an identical piece o. 
lotion, which is identical with the readout piece ol identification information and represents an rienlical 
cartridqe is present in said printer memory, in the case of a replacement of said cartridge; and 
2^^JW»C^Bmen\unK that, when said retrieval unit determines that Ihe idenl«a p«ce of Idenim- 
StSirl^^^sen.ineaidprin,ermemo.y.appBesthe-.nlom«tiononm^^^ 

to the identical piece ol identificatloo infonnation for subsequent processing with regard to the quantity of mk 
in said cartridge. 

2S 9. A printer in accordance with claim 8. said printer further cort^nsing: 

a decision unit that, when said retrieval unit detemiines tftat the identical piece o, '^^J'-'^yr '"'^[^'^ 
present in said printer memory, detemiines whether or not the infonnation on the quantity ol «k. »»*i«h «rre- 
sSSto tt« identkal piece o. ktentification inlom«.ion and is written in said printer memory. «co.nc.dent 

the converted data ol the specific number of bits written in said non-volatne memory, 
^et Si ink quantity management unit applies the data of the predelem,ined number of bits, which cor- 

«enticZiece<r«entifkati«^ 
pr^g w^m rSrd to the quantity ol ink in saW cartridge, when said decision unit determines that the 
in^Z on the W^tity of ink is coinckJent with the converted data ol the specific number of bits. 

10. A printer in accordance with claim 8. said printer further comprising: 

a deciston unit that, when said retrieval unit detemiines that the kJentical piece of Identificalten information is 
«id p^nWr memory. detem,ines whether or not the inf omnation on the quantity ol .nk. which »rre- 
Z me iSenticarj^of identilication inlomiation and is written in sakJ printer memory, is comcidenl 
witt> the converted dalaol the specific number of bits written in said non-volatile memory. ... 
CeZ STnktSitity manalemen. unit re.»nverts the data of the specific .number ol »>"^ wn^- sajd 
non-volatile menwry into the data of the predetemdned number ol bits, writesthe «^ ^^.^L 

^ZJimed nur^er ol bits as the infom«t«n on the quantity of ink corresponding « P 'J 
SicTton information into sakJ printer memory, and applies the re-converted data o« the predetermined 
^^tTc^^tTTbUuentprocr^gwithregardtothequantity 

Crd^termines that mVlnlom«tion on the quantity of ink is not coincWenl with the converted data of the 
speciHc numk>er ol bits. 

11. A printer in accordance with claim t. wherein saW printer memory has a greater storage capacity than said non- 
volatile memory included in said cartridge. 

12. A printer in accoreJance with claim 1 . therein said printer memory enables a higher-speed access than sad non- 
volatile memory included in said cartridge. 

1 3 A Drinter in accordance with claim 1. wherein said memory writing unit writes the converted data of the specific 
illbTd bils into said non-volatile memory of said cartridge at a power-olf time of sad pnnte, and/or a. a time 
ol a replacement ol said cartridge. 
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14 ADrinlerinacco««ance««mdaiml.whereinsaidinIo«nali^ 
tJ^o^i^^^ZZr^ «hen a printing operation hBS t,eon completed with regao. to one page. 

15 AorinterinaccordancewithcJaSml.whereinsaidinlormalion^^^ 

Torr^kll^lB^'y When a printing operation has been completed with regard to at least one raster bne. 

16. A prWer in accordance with claim 1 . said printer further comprising: 

a print head that is mounted on a printer main body ol said printer; and k»,h ^^anino 

a cleaning unit that carhes out head cleaning in response to a predelemi»ied operal«n. the head clean«,g 
causino a oreset quantity ol ink to be translerred Irom said print head, 

Li^Swriting unit writes the intormatbn on the quantity ol ink intosaid prmlermemory when 

said cleanirig unit carries out the head cleaning. 

17 A printer in accordance with clain 1 . wherein said non^tile memory transmits data by serial ««=f ^- ^"f 

17. Ap..nlerjj^^«raan_^_^^ 

in synchronism with a clock lor specifying an address. 

18^ A printer in accordance with clam 1 . wherein said printer memo^ is disposed in a conuol IC that directly controls 

a wriling operation ol data into said non-volaUle memory. 
19. Aprinter in accordance with claiml.said printer further comprislngaprint head that is mo^^^ 

body ol said printer, 

whoroin said canridgc « deiachably attached to a carriage, which has said prir^t head mour^tcd thereon and 
moves forward and backward relative to said priming medium, and 
said printer mernory is mounted on said carriage. 

20 A printer in accordance with claim 1 . wherein said cartridge deiachaWy attached to said printer ^"^^^ f^"^" 
rnk«nrWgeTwhichblackinkiskept.andacokxinkcart^^^ 

^ saidmemoorwritingunltwritestheconverteddataollhespecificnumberolbitsintosaidnon^olaUlememo^ 
that is proi/ided in both said black ink cartrkJge and said color ink cartndge. 

21 A method ol managing inlom«tion In a printer, to whk* a cartridge is detachab^^ attached said ""'"se keeping 
■ fnk^e^n a^Jhavinl a rewritable non^tile memory, said printer causing the «k kept « sari ca ^ndge 'o be 

Z^ZZT^ printl^ medium, hereby bnplementing a printing operatkK,. said method compr««g the steps of. 

wriUno intexmation on a quantity ol Ink in said cartridge, whk* is consumed with a progress ol a printing 
rpi!X^rp.^U^-edium.asda.aofapredeterminednumberolbits. 

^ S me pr^Zled num^Lr of bte. and writing the converted data ol the specific number of brts .n.o 
said non-volatile memory included in said cartridge. 
22. AcartrWgetorkeepinginktherein.havinga.ewriablenon^atilememory.andbein9capableolbei^ 

"^'"^eTe^'S'cILtion on a quantity ol ink in said cartridge, which Is consumed wUh a progress ol a printing 
operal^l. rJ2:^to said n^-vo Jile memory as daU of a specific number of bits, which « less than a pre- 
determined number ol bits alkjcated to data stored in said pnnier 

23 A cartridge in accordance with claim 22. wherein the information on the quantUy of ink is written into said non- 
^o^^lZ^^^a^^l time of said printor andtor a, a time ol a rcplacomoni ol sard cartndge. 

24. A cartridge in accordance with claim 22. v»herein said nonA«)latilo memory is an EEPROM. 

A rartridoe in accordance with claim 22. wherein said nonvolatile memory uansmlls data by serial a«ess. and 
tltS^^^^^^r^^ of ink is written into said non-volalie memon, in synchronism with a clock lor spec- 
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ifying an address. 

26. A cartridge in accordance with claim 22. wherein the data of the specific number of bits written into said norwolatile 
memory are obtained by omitting lower bits from the d&ta cA the predetemiined number oA bits stored in said printer. 

27. A carUidge in accordance with claim 22. wherein the data of the specific number of bils written into said non-vdatilo 
memory are obtained by converting the data of the predetermined number ol bits stored in said printer to data 
representing a percentage. 

28. A cartridge in accordance with claim 22, said cartridge comprising: 

an ink resen^oir. in which a plurality of different inks are kepi. 

wherein the data of the speciTtc number of bits are written with regard to each of the plurality of different inks 
into said non-volatile memory. 

29. A cartridge in accordance with claim 28, wherein said ink reservoir is divided into at least throe ink chaml>ers, in 
which at least three different inks are kept, and 

said non-volatile memory has a plurality of inlormaiion storage areas, in each of which information on a quantity 
of each of the at least three different inks is stored indeperxiently. 

a storage capacity of r>ot greater than 2 bytes being allocated respectively to the plurality of information storage 
areas. 

30. A cartridge in accordarKe with claim 28. wherein saki ink resent is divided into at least fve ink chambers, in 
whk:h at least five different inks are kept, and 

said non-volatile memory has a pluralily of information storage areas, in each of which information on a quantity 
of each of the at least five different inks is stored independently. 

a storage capacity of not greater than 2 bytes b&ng allocated respectively to the plurality of information storage 

areas. 

31 . A computer program for managing information in a printer, to which a cartridge is detachably attached, said cartridge 
keeping ink therein and having a rewritable non-volatile menr>ory, said printer causing the ink kept in sakl cartridge 
to be transferred to a printing medium, thereby implementing a printing operation, satd the computer program 
comprisffig: 

a first program code itet causes a computer to write informatk>n on a quantity of ink in said cartridge, whk;h 
is consumed with a progress of a printing operaton on said printing medium, as data of a predetermined 
number of bils. into a rewritable printer memory incorporated in a main body ol said printer, and 
a second program code that causes the computer to convert the information on the quantity ol ink in sakJ 
cartridge to data of a specific number ot bits, whch is less than the predetermined numl>er of bits, and write 
the converted data of the specific numl>er of bils into said non-voiatile memory included in said cartridge. 

32. A computer program product comprising computer usable medium having the computer program of claim 31 em- 
bodied in said medium. 
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Fig. 3 
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Fig . 4A 
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Fig. 5 
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Fig. 6 
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Fig. 7 A 
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Fig. 8 
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700 


Frequency of attachment (initial value =0} 


701 


1 *^ Data on remaining quantity of black ink (8 bits) 


702 


2^ Data on remaining quantity of black ink (8 bits) 


7i 1 


3ata on time (year) of unsealing ink cartridge 


712 


Data on time (month) of unsealing ink cartndge 


713 


Version data of ink cartridge 
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Data on type of ink 
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Data on year of manufacture 


716 


Data on month of manufacture 


717 


Data on date of manufacture 
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Data on production line 




Serial number data^^ 


720 


Data on recycle 
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Fig. 9 80. 107F 





Conlenls of Information 


600 


Frequency of attachment (initial value =0) 


601 


1*^ Data on remaining quantity of cyan ink (8 bits) 


602 
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